The accuracy oj routine body temperature measurements, the suitability oj various sites jor such measurements, and the perjormance and practicality oj various temperature measuring devices were studied. Oral suitable, some hospitals having changed their policy several times on the basis of claims (frequently unsubstantiated) regarding relative cost, accuracy and efficiency.6
Although the charting of body temperature has been an established clinical practice for over one hundred years, 1·2 there is little information about the accuracy that may be expected with routine measurements made by the nursing staff, and disagreement as.to which site should be used for the measurement of body temperature. For example, some ward studies have reported only oral temperatures 3 and others only axillary temperatures,4 and a large number of sites have been advocated for use in the operating theatre and intensive care unit. 5 Finally, with the recent marked increase in the number and types of devices available for measuring body temperature, there has been much confusion as to which is the most ·M suitable, some hospitals having changed their policy several times on the basis of claims (frequently unsubstantiated) regarding relative cost, accuracy and efficiency. 6 It was therefore decided:
1. To determine the accuracy of routine temperature measurements made by the nursing staff, and to identify suitable sites for routine temperature measurement by comparing the average values and degree of variability of oral, axillary, forehead skin, bladder and rectal temperature measurements with simultaneously made pulmonary artery temperature measurements, both in patients with temperatures in the normal range, and those with rising and falling body temperatures, 2, To examine and compare the performance and practicality of a variety of available devices under both laboratory and clinical conditions.
METHODS
Pulmonary artery temperatures (device 1, Table 1 ) were recorded four hourly for between 8 and 20 hours pre-operatively in 5 patients in whom quadruple lumen pulmonary arterial catheters had been placed electively on the day before major vascular surgery; these were used as reference temperatures for axillary and oral temperatures which were simultaneously recorded by standard mercury-in-glass thermometers, hand-held electronic thermometers, and disposable chemical thermometers (devices 2, 3 and 4, Table 1 ). Pulmonary artery temperature was used as the reference, as catheter tip placement could be verified by inspection of the pulmonary artery pressure trace, and as temperature measurements had been shown to be accurate in the range 34-43 QC. After induction of anaesthesia a thermistortipped Foley's bladder catheter was inserted (device 5, Table 1 ) and simultaneous pulmonary artery and bladder temperatures were recorded at 10 minute intervals for the duration of the operation. When these patients were returned to the intensive care unit, a rectal thermistor probe (device 6, Table 1 ) was inserted and simultaneous pulmonary artery, rectal, bladder, axillary and oral temperatures were recorded by devices 1-6 (Table 1) ; the temperatures recorded by a digital liquid crystal disc applied to the forehead were also noted (device 7, Table 1 ). In addition, axillary and oral temperatures were measured by the authors at 10 minute intervals for 30 minutes with devices 2, 3 and 4 (and forehead skin temperature with device 7) in 8 patients in general wards, who were spiking fevers.
The 10 temperature measuring devices listed in Table 1 
RESULTS
The pulmonary artery, axillary and oral temperatures (devices 1, 2, 3 and 4, Table 1 ) recorded in the pre-operative period in the five patients are shown in Table 2 . The differences between the pulmonary artery temperatures and the oral and axillary temperatures measured by each device were calculated. The Plots of simultaneous measurements of pulmonary artery and bladder temperatures in the five patients during anaesthesia are shown in Figure 1 . The postoperative rewarming period is also shown for one patient. The bladder temperature was consistently between 0.2 and 0.6 QC higher than the plJlmonary artery temperature.
A summary of the differences between pulmonary artery (device 1) and axillary (devices 2, 3 and 4), bladder (device 5), rectal (device 6), and forehead skin (device 7) temperatures in these five patients in the postoperative period for the first 24 hours after the pulmonary artery temperature reached 37 QC, is shown in temperature was a mean of 0.6 QC lower than the pulmonary artery temperature. The mean forehead skin temperature (device 7) was 0.17 (S.D. = 0.7) QC lower (range = -2.0 to + 1.7 QC) than the mean simultaneously recorded pulmonary artery temperature.
The mean bladder and rectal temperatures were, respectively, 0.27 (S.D. = 0.18) and 0.23 (S.D. =0.14) QC higher (range, -0.5 to +0.9 Q C) than the mean simultaneously measured pulmonary artery temperature. There was no significant difference between the bladder and rectal temperatures, which were an average of 0.25 QC greater than the simultaneously measured pulmonary artery temperature.
The oral axillary (devices 2, 3 and 4) and forehead skin (device 7) temperatures in febrile patients are shown in Table 4 Table 2 ). The mean forehead temperature measured by device 7 in the pyrexial patients was 0.6 (S.D. = 0.5) °C lower (range = -1.45 to 0 QC) than the mean simultaneously measured oral temperature.
The results of the laboratory tests carried out on all temperature measuring devices used (excluding device 7) and on the five pulmonary artery catheters and thermistor tipped Foley's catheters used in the vascular surgical patients are shown in Figures 2 and 3 . The five mercuryin-glass thermometers tested, all the thermistor devices used (devices 1,2,3 
recorded temperatures up to 0.5 QC greater than the reference temperatures in the laboratory. One digital electronic thermometer (of the type described under device 6, Table 1 ) consistently recorded temperatures about 1 QC greater than the reference temperature. Device 7 recorded temperatures in the laboratory that were 2.4 (S.D. = 0.2) QC higher than those recorded by the reference thermometer.
DISCUSSION

Accuracy of Routine Temperature Measurements
Oral temperatures averaged 0.4 °C and axillary temperatures 0.7 °C lower than simultaneously measured pulmonary artery temperature. If pulmonary artery temperature plus 0.4 cC, and pulmonary artery temperature plus 0.7 °C are taken as reference values for oral and axillary temperatures respectively, then all the routine measurements taken by the nursing staff (with mercury-in-glass thermometers, hand-held electronic thermometers, and 
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'-- disposable chemical thermometers) were within' 1 °C of the reference value, and about two thirds were within 0.5°C. There was no significant difference between oral and axillary temperatures in the degree of variability about the reference point. As there is a diurnal temperature variation of up to 2°C in normal individuals this degree of variability is probably acceptable for ward measurements. It is worth remembering that the range of normal values is wide, and that temperatures are frequently in the normal range in conditions usually associated with fever. For example, more than half of all patients presenting with septic shock have core temperatures less than 37.7 °C.
,9
Sites jar Routine Temperature Measurements
The temperature varies considerably in different parts of the body at any time, and the temperature gradients between various parts also vary, due both to changes in the amount of heat generated by different areas (for example, there are marked increases in the amount generated by the liver after a meal, or by skeletal muscle after exercise), and to variations in the rate of heat loss (as occurs after a change in environmental temperature, or the use of vasoactive drugs). For routine temperature measurement, a site should be chosen that is atraumatic and convenient and that has a fairly consistent temperature gradi"ent between it and a "core" temperature area, such as pulmonary artery. Temperature gradients of up to 1 QC may also occur between parts of the "core" such as thorax and abdomen. In this study oral and axillary temperatures were about 0.4 and 0.7 QC below the simultaneously measured pulmonary artery temperature, and both varied similarly. Axillary temperatures were 0.2 QC lower than oral temperatures when temperatures were rising, but this is probably not of great consequence clinically.
The forehead skin temperature was an average of 0.7 QC higher than a simultaneous oral temperature measurement on afebrile patients, but was 0.6 QC lower in febrile patients. Furthermore, the variability of the measurements was far greater, as shown by the large standard deviation. Thus forehead skin temperature was subject to greater variability and there was an inconsistent gradient between it and the reference site.
Rectal and bladder temperatures were an average of 0.23 and 0.27 QC higher than simultaneously measured pulmonary artery temperatures; the standard deviation of the differences was in each instance less than 0.2 QC and the range about the reference value was less than 0.7 QC. Thus both these sites proved suitable for temperature measurement as there was a consistent temperature gradient between each and pulmonary artery temperature, even with major abdominal and arterial surgery.
For physiological studies on the thermoregulatory "set point" the tympanic membrane has been shown to be the best indicator of hypothalamic temperature IO but the risk of trauma precludes this site for routine clinical use.
Oesophageal temperatures are convenient in unconscious patients and are frequently used by anaesthetists who generally have access to this site at the time of endotracheal tube intubation. However, some nasopharyngeal trauma may be caused and unless placement of the tip of the probe is in the lower fourth of the oesophagus, the measurement may vary by as much as 6 QC from a reference value.
ll This route is. commonly used in cardiothoracic anaesthesia·· and in paediatric anaesthesia. However, it is not suitable in the awake patient or for prolonged use with an endotracheal tube insitu, because of the risk of tracheo-oesophageal fistula.
Performance and Practicality of Devices Tested
The mercury-in-glass thermometers, handheld electronic thermometers, and the disposable chemical thermometers were all linear and accurate (within 0.2 QC of the reference temperature) over the range tested. There was no significant difference between the values obtained when any of these devices were used by nursing staff for routine oral and axillary temperature measurements.
The mercury-in-glass thermometers proved to be convenient and had a high acceptance rate by both nursing staff and patients. However, they should not be used clinically where breakage could result in loss of mercury into a confined space which is hard to clean, such as an incubator. 12 • 13
The hand-held thermometers tested were convenient to use clinically but they were expensive and needed repair and maintenance during the period of the trial. Both their purchase and use cost much more than mercury-in-glass thermometers. This confirms a recent review comparing mercury and electronic thermometers which stated "there is no evidence that meaningful improvements in the accuracy of temperature measurement, saving of time, greater ease of operation, improvement of patient care, reduction of cross-infection and re-infection hazards, or cost reduction will accrue to typical acute general hospitals which change from optimal use of mercury thermometers to electronic thermometer systems". 6 The disposable chemical thermometers were also found to be convenient to use, and had a high acceptability rate with both nurses and patients. Although the time taken for a temperature measurement was reduced, when compared with the mercury thermometer, this was of little consequence in the clinical context as more than 3 minutes are normally taken recording vital signs and performing minor nursing tasks while the thermometer is left in the. mouth or axilla. A study carried out at Flinders Medical Centre indicated that the routine use of these thermometers would cost about five times as much as the routine use of mercury-in-glass thermometers. However, they are recommended for unco-operative patients, for patients in whom cross-infection or reinfection may be a major problem, and for paediatric wards.
The liquid crystal disc for skin temperature measurement recorded temperatures in the laboratory that were 2.4 QC higher than those recorded by the reference thermometer. This is apparently an attempt to provide an offset so that "core" temperature would be approximated clinically. This proved to be the case in afebrile patients but the skin temperature was significantly lower than core temperature in febrile patients. Our conclusion that this device is potentially unreliable is in Anaesthesia and Intensive Care, Vol. ll, No. 1, February, 1983 agreement with findings of studies carried out by others in the operating theatre,14 the recovery room,15 and in children. 16 The pulmonary artery, rectal and bladder temperature measuring devices were all accurate and linear when tested. The pulmonary artery catheter thermistors have been shown to remain linear and accurate over a period of several months in vivo. 7 Pulmonary artery temperature measurements are obviously satisfactory when a catheter has been inserted for clinical reasons, but the catheter should be removed as soon as it is no longer specifically indicated. 17 The rectal probes used (device 6, Table 1 ) have proven robust and reliable over five years of clinical use. However, problems have been encountered with the electronic thermometers themselves, in which there may be a consistent offset similar to that shown in Figure 2b . If electronic thermometers of this type are to be used it is essential that routine maintenance and testing be carried out, and that a simple one point calibration be performed in the ward if unexpected results are obtained. Chipped probes and faulty connectors may not only give false readings, but may mimic the onset of malignant hyperpyrexia, with a steady progressive rise in temperature. 18 . 19 These devices are also suitable for nasopharyngeal and oesophageal temperature measurement.
The bladder temperature measuring device proved unsatisfactory in clinical usage. The leads were fragile, and despite precautions two out of five broke under normal conditions of use. Traction on the thermistor lead caused puckering of the surface of the urinary catheter, which could remain undetected and cause severe urethral trauma. Although bladder temperature measurement has proved satisfactory in a series of 31 patients,20 the device cannot, in our opinion, be recommended in its present form for routine clinical use.
